Background: Solar urticaria (SU) is an uncommon photodermatosis characterized by erythema and whealing within minutes to a few hours after exposure to sunlight or an artificial light source.
Introduction
Solar urticaria (SU) is an uncommon photodermatosis, defined as itching, erythema and whealing within minutes to a few hours after exposure to ultraviolet (290-400 nm) or visible light (400-700 nm) or, rarely, infrared radiation (>700 nm). 1 The severity of the reaction depends on various factors such as the photosensitivity of the patient, the duration of exposure and the intensity of solar radiation. Sporadically, this can be a lifethreatening disease. 2 The prevalence of SU accounts for 0.3-0.4% of events in urticaria patients. 3, 4 The mechanism of SU has been hypothesized to be an IgE-mediated hypersensitivity to a photoallergen created from a skin chromophore after exposure to the causal wavelength. 5 The diversity of the action spectra is mainly due to differences in the chromophore. 6 Previously, Harber et al. classified SU into six types based on the action spectrum. 7 In 1989, Leenutaphong et al. proposed two types of solar urticaria: 8 type I, an IgE-mediated hypersensitivity to specific photoallergens which form only in SU patients and type II, an IgEmediated hypersensitivity to non-specific photoallergens which form in both SU and normal patients. This troubling condition can affect the quality of life in patients who are usually active outdoors. 9 To date, there have been only a few studies on SU from Asia. characters (disease duration, exposure time, location of rash, associated symptoms), phototesting and laboratory investigations, treatment, and outcomes.
To identify SU patients, we performed phototesting with ultraviolet A (UVA), ultraviolet B (UVB) and visible light using the following light sources; polychromatic UVA (SUPUVASUN 3000, Mutzhas, Munich, Germany), 5-45 J/cm 2 ; polychromatic UVB (UVB 800, Walmann, VilligerSchwenningen, Germany), 50-280 mJ/cm 2 and 30 minutes of visible light (Kodak Carousel S-AV 2020 projector, Kodak AG, Stuttgart, Germany). For visible light testing, a glass of water was placed in front of the projector to avoid excessive heat. An IL-1700 radiometer (International light Inc. Newburyport, MA, USA) was used to measure UVA and UVB irradiance. The inhibition and augmentation spectra were assessed in one patient. Phototesting was carried out in covered areas, generally on the middle or lower back. Wheals and flares were assessed during irradiation, immediately, 10 minutes, 30 minutes and 1 hour after phototesting. The patients were asked to discontinue antihistamines for at least one week and systemic corticosteroids for at least two weeks before phototesting.
During the follow-up, the patients reported the severity of symptoms and the response to the treatment, as experienced by the patient. Resolution of disease was defined as no cutaneous symptoms after sun exposure, whether the patients had taken the medication or not. The disease duration was calculated from the onset of SU to resolution.
Descriptive statistics (e.g., mean, median, minimum, maximum, frequencies and percentages) were applied to describe demographic data and photobiological characteristics. The Kaplan-Meier survival curve was applied to determine the clinical course. SPSS for Windows version 10 (SPSS, Chicago, IL, USA) was used to analyze all statistical data.
Results
Of the 13 patients diagnosed with SU from 2000 to 2012, most were female (10, 77%); only three patients were male (23%). The mean age onset of SU was 29 years (15-51). Two patients (15%) had a personal history of atopy, most likely allergic rhinitis. All of the patients had Fitzpatrick skin type IV. None of the patients had solar angioedema or anaphylaxis. A familial history of SU was not detected. One patient had SU combined with chronic idiopathic urticaria and one patient had SU combined with cholinergic urticaria. None of the patients had a history of medication use associated with SU. The median duration of urticarial symptoms before physician presentation was 24 months (6-120). The most common location of SU was the upper extremities (2%), followed by the head and neck (77%), the lower extremities (54%) and the trunk (15%). One patient developed wheals only on particular areas of the arms and forearms; therefore, fixed SU was suspected. Other investigations such as anti-nuclear antibody and porphyrin tests were done in SU patients to exclude other photosensitive diseases; the results were negative.
Phototesting were carried out in all patients. Eight patients (61%) reacted only to visible light and one patient (8%) reacted only to UVA. Four patients (31%) reacted to both visible light and UVA. None of the patients reacted to UVB. In the patient suspected of fixed SU, phototesting on his back revealed a negative result. Hence, phototesting was performed on his right arm and right forearm, which had been previously affected. Urticarial lesions were observed after irradiation and a diagnosis of fixed SU was given. This patient was previously reported. 12 One patient had an inhibition spectrum at 400-500 nm.
All of the patients received a combination of H-1 antihistamines, physical photoprotection and broad spectrum sunscreen; most of them had a satisfactory response. Five (38%) patients required both second and third generation H-1 antihistamines and two patients (15%) received a two-fold higher dosage of a second generation H-1 antihistamine. One patient was recalcitrant and failed on a combination of H-1 antihistamines, narrowband UVB (NB-UVB) hardening, psoralen plus UVA (PUVA) hardening, and six sessions of plasmapheresis. This patient was previously reported. 13 Regarding the clinical course, the median disease duration from the onset of symptom to clinical resolution was 63 months (95% confidence interval: 30 to 95 months). Three patients reported no symptoms after the cessation of medication. The probability of resolution is shown in a Kaplan-Meier survival curve (Figure 1 ). At 13 months and 55 months from the onset of symptoms, 23% and 49% of SU patients, respectively, recovered from their symptoms. Figure 1 . A Kaplan-Meier survival analysis demonstrates the probability of clinical resolution in solar urticaria patients (n=13). After 13 months and 55 months from the onset of symptoms, 23% and 49% of patients respectively, recovered from the symptoms.
Discussion
SU is a rare photodermatosis in Thailand. In a recent survey of 1,200 urticaria patients over five years in Thailand, only four patients (0.3%) were diagnosed with SU. 3 Regarding the demographic data, the present study showed a female preponderance (86.7%), which was similar to previous studies in Scotland and Japan that reported a female preponderance of 70% and 60%, respectively. 1, 10 This is contrast to a series in Singapore that showed a male preponderance of 79%.
11
Different ethnic backgrounds can affect the results regarding gender. The mean age of onset in this study was in the second decade of life (29 years), was younger than previously published studies from Japan, 
2,15
For the affected sites, the upper extremity was the commonest site of SU compared to the head and neck, which tend to have more regular sun exposure. This was supported by the series from Singapore showing that 58% of SU patients developed lesions on the arms and forearms. 11 One patient with fixed SU was observed in this study. This condition is extremely rare and was first described in 1990. 16 In this condition, the urticarial wheal specifically occurs in a fixed location after repeated sun exposure. To diagnose this condition, phototesting should be carried out in the previously affected area. This condition is thought to occur based on variations in the mast cell distribution or mast cell population and the response of these cells to irradiation. 17 The wavelengths that activate SU can be in the ultraviolet, visible light or infrared range. In Asian patients, the most common action spectra are visible light and UVA. 10, 11 We found that visible light, followed by UVA, was the responsible action spectra for SU in this study. Thirty-one percent of patients had a reaction to both spectra while none of the patients was induced by UVB. Conversely, in a series of 25 patients from Belgium, 6 (24%) and 3 (12%) patients reacted to UVA and UVB, respectively, while 5 patients (20%) had reaction to visible light. 2 Negative phototesting to UV and visible light has been reported in the literature. In suspected SU patients, heat-induced urticaria (heat contact urticaria and cholinergic urticaria) should be differentiated. Heat contact urticaria is typically well-defined, limited to the area of heat exposure, develops within a few minutes after heat contact and resolves after 1 to 3 hours. 19 Cholinergic urticaria presents with a pruritic erythematous punctate wheal following an increase in body temperature, and can be actively (exercise) or passively (hot bath) induced. 19 Another explanation for negative phototesting is infrared-induced SU, which is a rare condition. 20 Monfrecola et al. reported that 3 (5.3%) out of 57 SU patients reacted to natural sunlight. 15 Ultimately, it should be noted that clinical history and physical examination are still important in the diagnosis of photodermatoses, especially in negative phototesting patients.
Antihistamine is the mainstay treatment for SU, based upon the hypothesis that IgE specific for an photoallergen binds to mast cells. The combination of antihistamines and sunscreen in SU has a synergistic effect. 22 Sunscreens can increase the minimal urticarial dose (MUD) while antihistamines can suppress the urticarial symptoms. 22 Antihistamines combined with a leukotriene receptor antagonist (cetirizine 20 mg/day, loratadine 20 mg/day, fexofenadine 240 mg/day and montelukast 10 mg/day) showed effective results with no short-term side effect in one case series. 23 Unfortunately, in visible light-sensitive patients, organic sunscreen agents usually offer no protection as their absorption spectrum is limited to the UVB and UVA spectra. Inorganic sunscreens based on non-microfine zinc oxide, titanium dioxide or physical protection could be somewhat beneficial. 24, 25 Iron oxide, another inorganic sunscreen, showed promising results in a pigmentary disorder induced by visible light. 26 Further studies of iron oxide in SU and other photodermatoses should be performed. Induction of tolerance by subsequent UVA or UVA1 phototherapy is another effective method; however, this is time-consuming and unavailable in some institutions. 27, 28 Plasmapheresis can be used in patients with circulating photoallergens in the serum. 29 Novel treatments include afamelanotide, a potent synthetic analog of α-melanocyte-stimulating hormone (α-MSH), which is a regulatory protein that stimulates melanogenesis and melanocyte proliferation. An increase in melanization may protect from ultraviolet and visible light penetration, which are most commonly the responsible wavelengths in SU. 30 Haylett et al. reported on the efficacy of a single dose afamelanotide 16 mg implant subcutaneously in 5 SU patients during the winter months. A significant increase in melanin density was observed starting from day 7, peaked at day 15 and persisted to day 60 post-implantation. The MUD was increased compared to baseline, along with significantly decreased wheal formation. 30 With this promising result, a larger study should be conducted and the potential risk of dysplastic nevi and melanoma, which have not been observed so far, should be monitored. 31, 32 In this present study, the combination of H-1antihistamines, broad spectrum sunscreen and physical protection showed beneficial results, except in one recalcitrant patient.
The clinical course of SU is chronic and the data regarding prognosis factors are sparse. Beattie et al. reported 15% and 46% of SU patients experienced resolution at 5 and 15 years, respectively. Studies from Japan and Singapore showed no completely cured patients. 10, 11 In the present study, 23% and 49% of patients were predicted experience the resolution of symptoms at 13 months and 55 months, respectively. Clinical resolution was calculated based on the definition that included patients with no urticarial wheal while patients were taking medication. The characteristics of SU in the present study compared to other reported studies are summarized in 
